Eye (1994) 8, 77-83 © 1994 Royal College of Ophthalmologists usually associated with photopsia, (2) minimal or no fun dus changes initially, and (3) electroretinographic abnormalities. The field loss may not recover and fundus changes appropriate to the field loss may appear. The phenomenon of retinal dysfunction without correspond ing ophthalmoscopic changes was first recognised in the multiple evanescent white dot syndrome (MEWDS) as the enlarged blind spot syndrome. 2-4 It was subsequently described with multifocal inner choroidopathy, or pseudo presumed ocular histoplasmosis syndrome, 5 , 6 and acute macular neuroretinopathy. 7 We describe 7 patients who presented to Moorfields Eye Hospital between December 1989 and April 1993 who developed visual loss not explained by fundus find ings associated with multifocal fundus lesions resembling punctate inner choroidopathy.
PATIENTS Case 1
A 25-year-old myopic woman presented in April 1992 with a 1 week history of flickering sensation -like 'jagged lines moving from the temporal to the nasal peri phery' -initially white then grey in colour in her left eye visual field. She denied any other systemic complaints. Visual acuity was 6/5 with each eye. She had few vitreous cells in the left eye. There were numerous scattered yellowish lesions at the level of inner choroid and retinal pigment epithelium as well as disc swelling (Fig. la,b) . Three days later she noticed additional distortion and worsening flickering light sensations. Four weeks after the initial presentation she complained of trouble reading let ters with her left eye. She had an episode of weakness associated with pain and coldness in both lower extrem ities for about 12 hours. Visual acuity with the left eye was now 6/36 with eccentric fixation and 3+ cells were seen in the vitreous. Perimetry showed severe visual field loss (Fig. Ie) . Fluorescein angiography demonstrated juxta foveal choroidal neovascularisation in the left eye. Full blood count, erythrocyte sedimentation rate, measurement of electrolytes and angiotensin converting enzyme, and a chest radiograph and a CT scan of the head were normal.
Treatment with oral prednisolone (80 mg/day) was initiated, and there was subjective improvement of the visual field, which was confirmed on perimetry. In June 1992 visual acuity was 1/60 with the left eye, the vitritis had regressed, there was less disc swelling, and a hyper trophic scar had formed at the fovea (Fig. 1 d) .
Electroretinography in May 1992 revealed markedly abnormal rod and cone responses in the left eye. The sco topic amplitudes were reduced by 65% and the photopic by 50% when compared with the right eye. The oscillatory potentials and the flicker responses were extinguished. The electro-oculogram (EOG) was normal in the right (Arden index 225%) and grossly abnormal (40%) in the left eye. In June 1993 visual acuity was 2/60 with the left eye and there was no evidence for active inflammation. Automated field testing showed a persistent field loss. Electroretinography at this time indicated a slight further depression of function. There was no detectable A-wave on the maximal scotopic blue stimulus, the B-wave ampli tude was smaller and the cone responses were extin guished (Fig. 4a) .
Case 2
A 28-year-old myopic woman presented in January 1993 with gradual deterioration in her right eye vision. She denied any photopsia. There was peripapillary atrophy, multiple yellowish punched-out lesions throughout the posterior pole both nasal and temporal to the optic nerve, and in the central macula a flat scar. The left fundus was normal. By March 1993 she felt that her symptoms were no longer progressive. Visual acuity was 6/36 with the right and 6/6 with the left eye. The fundus lesions in the right eye appeared to be unchanged. Automated field test ing demonstrated an enlarged blind spot and a superior scotoma in the right eye. The electroretinogram showed reduced rod and markedly abnormal cone responses in the right eye: the rod B-wave was delayed (implicit time 60 ms) and slightly reduced (amplitude 230IlV). The 30 Hz flicker amplitudes were about half the size of the left eye. A chest radiograph, VDRL test, TPHA test and the level of angiotensin converting enzyme were normal.
Case 3
A 23-year-old myopic woman complained of a 3 month history of photopsia with subsequent development of blurred vision associated with a partial loss of the tem poral field in the left eye during one week in January 1993. Visual acuity was 6/6 with the right eye and 6/24 with the left. There were cells in the anterior chamber and vitreous. Funduscopy showed peripapillary scarring in the right eye and disc swelling and multiple punched-out small yellow ish lesions. Inferior to the left disc and near the fovea two small creamy lesions at the level of inner choroid and ret inal pigment epithelium were seen which appeared to represent active lesions (Fig. 2a, b) . Automated field test ing showed an enlarged blind spot and an adjacent superior scotoma in the left eye.
Electroretinography 3 months after the initial symp toms indicated an abnormal rod and cone response. The amplitude of the weaker blue flash scotopic electroretino gram was grossly reduced in the left eyc, but with more intense stimuli the amplitude became similar to that of the right eye. The flicker amplitudes were within normal lim its but lower in the left than in the right eye, being reduced by almost half and markedly delayed in the left eye. An orbital floor injection of 40 mg betamethasone was administered. Two months later visual acuity improved to 6/ 12, but the extent and depth of field loss remained unchanged (Fig. 2c ). An electroretinogram in May 1993 showed a slight progression of the abnormalities in both rod and cone responses. Symptoms further regressed, and by May 1993 visual acuity was 6/9, there were no cells in the anterior chamber and few cells in the left vitreous.
Case 4
A 16-year-old myopic woman was seen after her optician 79 noticed abnormal findings in her right fundus. At that time her visual acuity was 6/18 with the right and 6/5 with the left eye. She noted progressive deterioration in the right eye during the following 4 years. In December 1992 visual acuity was 6/60 with the right eye. There were vitreous cells, multiple punched-out atrophic lesions with variable pigmentary reaction, peripapillary scarring and a linear chorioretinal scar in the inferotemporal equatorial region of the right eye resembling linear streak lesions described in presumed ocular histoplasmosis syndrome (Fig. 3) . 8 No active lesions were noted. The left fundus was normal.
Electroretinography at this time showed a 50% reduc tion in rod amplitudes, and a delay in the 30 Hz flicker by 40% , indicating abnormal cone function (Fig. 4b) . Auto mated field testing showed diffuse depression of sensitiv ity, an enlarged blind spot and superior and inferior scotomas. In April 1993 electroretinography again indi cated grossly abnormal right eye scotopic responses, abnormal oscillatory potentials and delayed flicker responses. A pattern electroretinogram obtained at this time was also grossly abnormal in the right eye. The visual field loss was unchanged.
Case 5
A 23-year-old myopic woman presented with sudden onset of blurring of her left central vision in November 1991. On examination at that time visual acuity was 6/4 with the right eye and 6/6 with the left. In the left fundus were a few punched-out spots of chorioretinal atrophy and some pigmentary disturbance at the fovea. The patient subsequently developed greyish active lesions in the inner choroid both nasal to the disc and at the left macula, with an increase in her central visual distortion. In February 1992 visual acuity was 6/6 with the right eye and 6/ 12 with the left. In addition to the previously noted punched-out lesions there was subretinal fibrosis extending under the left fovea, presumably a consequence of choroidal neo vascularisation. Field testing showed an enlarged blind spot as well as central and paracentral loss. Electrodiag nostic testing in June 1993 revealed abnormal rod and cone responses. The rod B-wave in the left eye was mark edly delayed at lower stimulus intensities, but became similar to the right at maximal stimulus intensity. The cone response was within normal limits but there was a 15% reduction in the amplitude when compared with the left eye. The EOG was normal in each eye (Arden index 248% in the right and 239% in the left eye).
Case 6
A 37-year-old myopic female patient presented in April 1993 with a 3 week history of blurred central vision and a sensation of 'coloured lights' in her left eye visual field. The visual acuity was 6/6 with the right eye and 6/24 with the left, and there were a few cells in the left eye vitreous but none in the anterior chamber. There were small yellowish lesions at the level of the inner choroid close to the left fovea as well as numerous atrophic, partially pig mented scars in the mid-periphery. The right fundus was A 32-year-old myopic woman presented with blurred vision and flickering lights in her left eye in February 1992, Her visual acuity was 6/5 with the right eye and 6/12 with the left. She had several yellowish atrophic spots at the posterior pole of the right eye and a single spot superior temporal to the right fovea. In the left eye similar lesions were seen in the posterior pole, there was mild disc swelling and vitreous cells. In the left eye she had a slightly enlarged blind spot, a paracentral and superior mid-peripheral scotoma. The EOG was abnormal in the left eye. The electroretinogram in June 1993 showed grossly reduced A-and B-wave amplitudes from the left eye in response to weak blue stimuli, but with more intense light the amplitudes were within normal limits, The flicker electroretinogram and visual evoked response were normal. One month later the patient noticed sponta neous improvement of her symptoms. Flickering sensa tions persisted for 2 more months, However, in September 1992 she complained of increased blurriness in her left eye, Fundus examination appeared unchanged, Four months later, visual acuity had returned to 6/6 in the left eye; however, visual field defects persisted. Full blood count, erythrocyte sedimentation rate, CT scans of the head and orbits and a neurological evaluation were normal.
DISCUSSION
The clinical setting of the widespread retinal dysfunction was similar in all our cases, and was in excess of that which would have been expected from the limited nature of the visible fundus disease. All affected patients were young, healthy, myopic females who presented with acute or subacute unilateral visual loss (Table I) . Photopsia was noted by 4 patients, and 2 gave a history of a viral-like ill ness before or during the clinical course. In 5 patients there were inflammatory cells present in the vitreous cells and in 2 in the anterior chamber. Evidence for optic disc oedema on funduscopy and fluorescein angiography was found in 4 patients. All patients had or developed small multifocal chorioretinal scars resembling lesions in punctate inner choroidopathy. In 2 patients these lesions occurred bilat erally. Two patients developed choroidal neovascularisa tion compromising central vision. All had enlargement of the blind spot and additional scotomas not corresponding with the fundus lesions, All had abnormal electroreti nograms in the affected eye to varying degrees. During follow-up visual acuity improved in 3 patients, deterio rated further in 3 patients, and stayed the same in 1 patient. Of the patients with serial fields and electroretinogram testing the extent and depth of the visual field loss improved in 2 patients and was unchanged in one patient; the electroretinogram improved in 1, worsened in 1, and remained unchanged in 1. Numerous series of patients with similar multifocal fundus lesions have led to various descriptive terms that incorporate major features of the disease including 'multi focal inner c h oroiditis', 9 'recurrent multi focal choroid itis' , IO 'multifocal choroiditis and panuveitis' , II 'multifocal choroiditis' , le-1 4 'progressive subretinal fibro sis and uveitis' , I., 'punctate inner choroidopathy' ,
16
'haemorrhagic maculopathy, 1 7 'presumed ocular histo- plasmosis syndrome (POHS) lx22 and ·pseudo-POHS·. 212� In almost all these series, as in ours. there is a preponder ance of young (second or third decade), moderately myo pic, healthy women. Why patients with th � se characteristics are at higher risk for developing such lesions is not understood. Although a viral aetiology. 25 . 26 hormonal factors, Histoplasma capslIlatl{]]I 27 and bacter aemia 2� have been suggested, the cause remains obscure. It has also been suggested that all these appearances may have a common underlying aetiology. and describe vari ous modes of presentation of a single disease. 5 In the majority of the abovementioned series formal visual field testing or electrodiagnostic testing was not reported, so that the frequency of widespread functional loss in these multifocal diseases is unknown. A few reports describe extensive field loss associated with no or minimal fundus changes. 2 , ) . 7 The first comprehensive description was by Gass I who described 13 patients, again predominantly young women, who had visual field loss, photopsia, and minimal fundus changes in one or both eyes, in whom electroretinographic studies implied wide spread retinal dysfunction. He introduced the descriptive term 'acute zonal occult outer retinopathy' (AZOOR) to characterise this syndrome. Six of his patients had evi dence of bilateral involvement at the time of presentation. and 2 of those were asymptomatic in one eye. Three patients had delayed involvement of the fellow eye. Some of his patients had no focal fundus lesions when the visual field loss was detected whilst others had multifocal lesions resembling those in MEWDS or pseudo-POHS. It is poss ible that in those without fundus changes the functional loss was precipitated by MEWDS, since the clinical signs resolve rapidly. He observed depigmentation of the retinal pigment epithelium corresponding with the visual loss if it was persistent. The mean follow-up time was 34 ± 5.2 months, whereas the follow-up in our series was less (19 ± 3.1 months). We have not observed widespread pigment epithelial changes in the area of field loss, but this may develop later on. All our patients had multifocal disease on funduscopy at first presentation resembling punctate inner choroidopathy, as opposed to the multiple clinical settings described by Gass . l
It appears that the phenomenon of visual loss due to ret inal dysfunction but without corresponding funduscopic changes occurs in association with several clinical entities affecting the retina and choroid. The lack of ophthalmo scopic changes and the recovery of function, in at least some cases. implies that cell death does not occur early in the disorder.
One of our patients had an extremely low Arden index in the EOG of 40% (case 1). This could be explained on the basis of the standing potential across the retinal pig ment epithelium being grossly reduced; interference by the increased light rise in the unaffected eye could cause such a gradient. The EOG electrodes across one eye are not electrically isolated from electrical currents produced in the other eye. As the eyes move, the EOG voltage from one eye slightly reduces the measured voltage from the other ('cross-talk' ). Hence if one eye has no light rise, the increase in current during the light rise from the other eye produces a spurious fall. i.e. a ratio of less than 100%. This is often seen in detachment, when ratios of 80-90% are observable. What relevance this has to the disorder is uncertain since similar abnormalities were not seen in the other cases, although the patient in question had the most severe disease.
The mechanism leading to malfunctioning of the retinal receptor-pigment epithelial cell complex in AZOOR, and the causal relationship between the initiating event and the widespread functional loss, are unknown. It has been sug-gested tha f , in the absence of fundus and fluorescein angiographic abnormalities, intracellular enzyme systems may be affected by immunological or toxic mechanisms precipitated possibly by a virus. l This hypothesis is some what speCUlative, although the lack of ophthalmoscopic signs implies that dysfunction is not due to cell death early in the course of the disorder. Even if the pathogenesis of the cellular dysfunction is the same in each case it appears that it may be precipitated by several clinical entities.
There are clear clinical implications implicit in this entity described by Gass, in that widespread visual field loss in the presence of multifocal discrete chorioretinal lesions does not necessarily indicate the presence of optic nerve or intracranial disease. Undertaking electroretinog raphy in such circumstances may avoid unnecessary investigations, and, may become important if appropriate therapy is identified. The role of systemic or local steroids in the treatment of AZOOR is not clear. Two patients with marked vitritis in this series were treated with steroids; the inflammatory signs regressed, but the visual field failed to improve in both. 
